Binding of human immunodeficiency virus type 1 (HIV-1) to cell surface factors other than the viral receptor CD4 and a chemokine coreceptor does not allow viral entry but can profoundly impact viral infectivity, particularly when the viral receptors are expressed at low levels (14, 57) . The interaction of HIV-1 with cellular factors that promote viral attachment (termed attachment factors) can increase HIV-1 infection of the cells expressing these factors (termed infection in cis) or can augment infection of adjacent cells (termed infection in trans or transmission). Attachment factors promote HIV-1 infection most likely by concentrating viruses on the cell surface (14, 38, 57) , thereby increasing the chance that the viral envelope protein (Env) can engage CD4 and a coreceptor, presented both in cis and in trans. Additionally, binding to certain attachment factor-expressing cells can conserve viral infectivity over several days, and during this time virus can be transmitted to susceptible cells (14) .
The concept of HIV-1 capture by attachment factors, conservation of viral infectivity, and subsequent transfer of bound virions to permissive cells has initially been proposed for dendritic cells (DCs) expressing the lectin dendritic cell-specific intercellular adhesion molecule 3-grabbing nonintegrin (DC-SIGN) (17) . Thus, it was shown that capture of HIV-1 by DCs profoundly augments HIV-1 infectivity for T cells (7, 8) , a mechanism proposed to facilitate HIV-1 spread (8, 17) , and DC-SIGN, which binds to the HIV-1 Env (17), was found to be involved in the HIV-1 association with DCs (1, 3, 17, 23, 31, 33, 62) . Initial reports suggested that DC-SIGN might capture and internalize HIV-1 into a low-pH endosomal compartment where infectivity is preserved (28) . Subsequently, the intracellularly stored viruses could be transferred to T cells, which requires the formation of an infectious synapse-a microenvironment formed at the interface between DC and T cell that serves as a conduit for HIV-1 transfer (25, 34) . The importance of DC-SIGN-mediated HIV-1 transport into a low-pH compartment for virus transfer to T cells has recently been challenged (37) . Also, evidence that the proposed conservation of HIV-1 infectivity might actually be due to productive infection of transmitting cells has been reported (37, 56) . Nevertheless, it is undisputed that DC-SIGN captures HIV-1 and augments viral infectivity, at least in some cell culture systems, and an association between polymorphisms in the DC-SIGN gene and risk of HIV-1 infection has been documented (31, 33) . Therefore, DC-SIGN constitutes a potential target for therapeutic or preventive intervention. Despite the contribution of DC-SIGN to HIV-1 transmission by DCs, other attachment factors are also involved in this process (20, 55, 60) . A role for the lectins mannose receptor and langerin, which are expressed on DC subsets, has been suggested previously (55) . However, evidence that these lectins facilitate DC binding to infectious HIV-1 is lacking and the factors responsible remain to be identified. Notably, several CD4-negative cell types, including platelets and red blood cells, can bind and transmit HIV-1 (39, 40) , suggesting that cells other than DCs might also express HIV-1 attachment factors.
Attachment of HIV-1 to platelets might be particularly efficient, since these cells retain a substantial fraction of HIV-1 present in whole-blood preparations from infected patients (29) . Binding of HIV-1 to platelets can result in virus uptake (63, 64) , which could explain the efficient HIV-1 retention by these cells. The fate of HIV-1 engulfed by platelets is at present unclear. Since different compartments within platelets harbor either intact or degraded HIV-1 (6), it is conceivable that platelets either facilitate viral dissemination or decrease the number of infectious HIV-1 particles in the bloodstream (6, 63) . Moreover, HIV-1 interactions with platelets might contribute to thrombocytopenia, which is defined by less than 15 ϫ 10 4 platelets/l on at least two consecutive counts and is a relatively common condition among HIV-1 patients (35, 49) . Analysis of the mechanisms of HIV-1 attachment to platelets might therefore reveal important aspects of the role of platelets in HIV-1 infection.
Here, we show that C-type lectin-like receptor 2 (CLEC-2) is expressed on platelets and contributes to HIV-1 capture by these cells. However, a substantial fraction of the HIV-1 binding activity of platelets was found to be due to DC-SIGN, which is expressed on platelets at low levels. HIV-1 attached to platelets remained infectious over a prolonged time, indicating that platelets might facilitate HIV-1 dissemination via the bloodstream.
MATERIALS AND METHODS
Plasmid construction. The CLEC-2 coding sequence was reverse transcriptase PCR amplified from purified mRNA obtained from human liver tissue and cloned into pcDNA3.1 (Invitrogen). The amino acid sequence encoded by the CLEC-2 construct is identical to that specified in GenBank entry AF124841.
Cell culture. Jurkat, DAMI, HEL, and B-THP cell lines and CEMx174 R5 cells were maintained in RPMI 1640 medium supplemented with fetal calf serum (FCS) and antibiotics. CEMx174 R5 cells express endogenous CXCR4 and exogenous CCR5 and express luciferase and green fluorescent protein under control of the HIV promoter (22) . 293T, 293T-REx, Huh-7, Hep-2, HFF, Vero, COS-7, HOS, HeLa, MCR5, and U373 cells were cultured in Dulbecco's modified Eagle's medium or minimal essential medium (HFF) supplemented with FCS and antibiotics.
Preparation of platelets, PBMCs, and DCs. For preparation of platelets, blood samples were collected in vials containing EDTA and centrifuged at 200 ϫ g at room temperature. The upper platelet-rich plasma was collected and centrifuged at 1,200 ϫ g for 20 min at room temperature. The pellet was then washed in phosphate-buffered saline and the platelet count determined. Alternatively, platelets were obtained from platelet concentrates prepared for administration to human patients. Peripheral blood mononuclear cells (PBMCs) were isolated from whole blood by use of Ficoll gradient centrifugation, resuspended in RPMI medium supplemented with 10% FCS and antibiotics, and either stimulated with phytohemagglutinin at 5 g/ml and interleukin-2 (IL-2) at 100 U/ml for 3 days or maintained in medium for 3 days. DCs were derived from monocytes by treatment with 800 U/ml granulocyte-macrophage colony-stimulating factor (Wyeth) and 250 U/ml IL-4 (Strathmann), as previously described (46) . DCs were matured by a 48-h incubation in medium supplemented with 200 U/ml IL-1␤ (Strathmann), 1 g/ml prostaglandin E2 (Sigma), 10 ng/ml tumor necrosis factor alpha (Strathmann), 40 U/ml granulocyte-macrophage colony-stimulating factor, and 250 U/ml IL-4. The identity of the cells was confirmed by fluorescenceactivated cell sorter analyses of the surface markers CD83, CD86, and major histocompatibility complex class II.
Viruses. Plasmid HIV-1 NL4-3 Luc encodes a replication-competent variant of the laboratory-adapted CXCR4-tropic molecular HIV-1 clone NL4-3, in which the nef gene has been replaced by luciferase (42) . Plasmid pNL4-3-Luc-R Ϫ E Ϫ (13) is an NL4-3 Luc-related construct in which the env and vpr genes were inactivated. NL4-3 Luc and NL4-3-Luc-R Ϫ E Ϫ virus stocks were generated by CaPO 4 transfection of 293T cells as described previously (50 5 for platelets or 3 ϫ 10 4 for B-THP or 293T cells) were incubated with 5 ng or 10 ng of replication-competent HIV-1 NL4-3 Luc reporter virus or primary HIV-1 isolates for 3 h at 37°C, and unbound virus was subsequently removed by washing. In order to determine transmission, the cells were then cocultivated with CEMx174 R5 target cells, which express luciferase under control of the viral promoter, and luciferase activities in cell lysates were determined 3 days after cocultivation by employing a commercially available kit (Promega). Alternatively, the cells were lysed in 1% Triton X-100, and HIV-1 binding was assessed by quantification of the p24 content in the cellular lysates with a p24 antigen capture enzyme-linked immunosorbent assay (Murex). For inhibition of HIV-1 transmission, platelets were preincubated for 1 h at 37°C with goat serum specific for the CLEC-2 ectodomain (R&D Systems) and/or monoclonal antibody (MAb) 526 (DC-SIGN/R specific) (R&D Systems) or control MAbs or sera at a final concentration of 10 g/ml. Alternatively, platelets were preincubated with different dilutions of the mannose polymer mannan (Sigma) or control carbohydrates.
Flow cytometric analysis for CLEC-2 and DC-SIGN expression. Cell surface expression of CLEC-2 and DC-SIGN on platelets was detected using anti-CLEC-2 MAb 13B10 or 13H11 and anti-DC-SIGN MAb 507 (DC-SIGN specific) in combination with Alexa Fluor 647-labeled secondary antibody (Invitrogen). Expression of CLEC-2 on cell lines and primary cells was determined identically; however, a phycoerythrin-coupled secondary antibody was employed for detection (Vector). Isotype-matched MAbs were included as negative controls. Staining was analyzed by flow cytometry employing a FACScan cytometer (Becton Dickinson).
Immunostaining. CLEC-2 transfected and untransfected B-THP cell pellets were fixed in formalin, paraffin wax embedded, and immunostained as described for tissues. Anonymized sections of liver and bone marrow were obtained from the Department of Histopathology, John Radcliffe Hospital, Oxford, United Kingdom, with local Research Ethics Committee approval and were immunostained as described previously (44) with mouse MAb DC28, mouse MAb anti-CD61 (clone Y2/51; Dako), or goat polyclonal anti-CLEC-2 (R&D Systems) and detected using standard staining kits from Dako and Vector Laboratories. Images were taken at room temperature with an Olympus BX40 microscope equipped with a 40ϫ/0.75 0.17 lens and a Nikon Coolpix 950 digital camera. Images were analyzed with Adobe Photoshop version 7 software.
RESULTS
Platelets and megakaryocytes express CLEC-2. Attachment factors other than DC-SIGN can contribute to HIV-1 interactions with DCs and possibly other cell types (40, 55) . In order to identify novel HIV-1 attachment factors, we tested several lectins for their ability to transmit HIV-1 to susceptible cells. Analysis of HIV-1 transmission by 293T cells transiently expressing lectins revealed that cells expressing CLEC-2 transmit HIV-1 to cocultivated T cells, albeit with lower efficiency than DC-SIGN or the related protein DC-SIGNR/L-SIGN ( Fig. 1 ), indicating that CLEC-2, similarly to DC-SIGN, might function as an HIV-1 attachment factor. Expression of CLEC-2 mRNA in bone marrow, DCs, and liver has been documented previously (12) , and in a recent study we found CLEC-2 protein on platelets (54). However, CLEC-2 protein expression has not been analyzed systematically. In order to assess whether CLEC-2 is expressed on cell types involved in HIV-1 infection, we immunized mice with purified CLEC-2 ectodomain and generated two MAbs as described previously (4). Staining with both MAbs detected CLEC-2 on the surface of stably transfected B-THP cells (a Raji-derived B-cell line [61] ) ( Fig. 2A ) and 293T-REx cells, the latter expressing CLEC-2 in a doxycycline-inducible fashion (data not shown). In contrast, no staining was observed with B-THP cells expressing DC-SIGN or DC-SIGNR (data not shown), indicating that these MAbs are adequate tools to study CLEC-2 expression. Flow cytometric analyses of a panel of cell lines and primary cells, including immature and mature DCs, yielded no evidence for appreciable endogenous CLEC-2 expression (Table 1) . However, CLEC-2 was readily detectable on the surface of platelets ( Fig.  2B ) and megakaryocytic cell lines (Fig. 2C) . The identity and purity of the platelet preparations analyzed were confirmed by staining for CD61 (Fig. 2B) , a marker for platelets and megakaryocytes. CLEC-2 expression was further investigated by staining of tissue sections with a goat serum raised against the CLEC-2 ectodomain. The specificity of the serum was confirmed by staining of B-THP CLEC-2 cells ( Fig. 2D and E). In agreement with the expression of CLEC-2 on megakaryocytic cell lines and the previously reported CLEC-2 mRNA expression in bone marrow and liver (12) , megakaryocytes ( Fig. 2F and G) and liver sinusoidal endothelial cells (LSECs) (Fig. 2H and I) were positive for CLEC-2. Thus, megakaryocytes and LSECs, which are both permissive to HIV-1 infection (11, 53, 59) , express CLEC-2, and HIV-1 might employ this lectin to promote its attachment to these cell types. Moreover, CLEC-2 is present on the surface of platelets and might contribute to the previously documented HIV-1 uptake by these cells (63) .
CLEC-2 binds and transmits HIV-1. We next analyzed the CLEC-2 interaction with HIV-1 by employing stably transfected B-THP cell lines, since B-THP cells mediate robust DC-SIGN-dependent HIV transmission (61) . Indeed, DC-SIGN-expressing B-THP cells bound HIV-1 efficiently, recovering about 22% of the input virus (Fig. 3A) . CLEC-2-expressing cells also captured HIV-1, albeit less efficiently than DC-SIGN B-THP cells (about 6% of input virus recovered). Importantly, HIV-1 capture by CLEC-2 B-THP cells was specific, since antiserum against CLEC-2 strongly diminished HIV-1 binding to CLEC-2 B-THP cells but had no appreciable impact on virus capture by DC-SIGN B-THP cells (Fig. 3A) . Capture of HIV-1 by attachment factor-expressing cells does not necessarily result in efficient transmission of virus to susceptible cells (4, 43) . Therefore, we investigated whether HIV-1 bound by CLEC-2 can be transferred to permissive cells. DC-SIGN-expressing B-THP cells transmitted HIV-1 over 400 times more efficiently than control cells, and transmission was not blocked by CLEC-2-specific antiserum (Fig.  3B) . In contrast, the B-THP cell line expressing CLEC-2 transferred HIV-1 to target cells about fivefold more efficiently than control cells and transmission could be blocked by CLEC-2-specific antiserum. Since previous reports suggest that residual permissiveness of B-THP DC-SIGN cells to HIV-1 infection might confound results obtained in transmission experiments (37), we repeated the experiment with CLEC-2-expressing 293T-REx cell lines. These cells transmitted HIV-1 in a CLEC-2-dependent manner and with an efficiency similar to that of CLEC-2 B-THP cells but were nonpermissive to infection (data not shown), confirming that CLEC-2 can function as an attachment factor that promotes capture of infectious HIV-1.
CLEC-2 binds HIV-1 irrespective of the presence of the viral Env protein. DC-SIGN binds to the HIV-1 Env protein in a carbohydrate-dependent fashion and facilitates transmission of bound virions to target cells (2, 58) . We examined whether CLEC-2-dependent HIV-1 capture also requires the presence of the viral Env protein. To this end, lectin-expressing B-THP cell lines were incubated with p24-normalized HIV-1 with or without Env protein (Fig. 4) . DC-SIGN-positive cells captured Env-containing HIV-1 with high efficiency, while binding of Env-deficient HIV-1 was close to background. In contrast, CLEC-2-expressing cells bound both Env-positive and Envnegative viruses with about fivefold-higher efficiency than control cells (Fig. 4) viral infectivity (48) , suggesting that HIV-1 association with platelets might modulate viral spread in peripheral blood cells. We therefore investigated whether platelets can retain infectious HIV-1 and whether CLEC-2 contributes to the HIV-1 interaction with platelets. When platelets were incubated with HIV-1 and unbound virus was removed, the virus-pulsed cells bound and transmitted HIV-1 to cocultivated susceptible cells with high efficiency and in a partly CLEC-2-dependent manner (Fig. 5A) . Importantly, comparable CLEC-2-dependent HIV-1 transmission was observed with virus generated in 293T cells (Fig. 5A ), CEMx174 R5 cells (a B/T-cell hybrid) (Fig. 5B , left panel), or PBMCs (Fig. 5B, right itate platelet interactions with HIV-1 generated in T cells of infected patients. The capture of the laboratory-adapted, CXCR4-tropic HIV-1 strain NL4-3 by platelets was about 50% dependent on CLEC-2 ( Fig. 5A and B) . However, primary HIV-1 isolates differed in their levels of dependence on CLEC-2 for attachment to platelets. Indeed, 20 to 30% of the binding of isolates 92/BR/020 (subtype B) and 93/BR/020 (subtype F) (both viruses are CCR5-tropic) was mediated by CLEC-2, while capture of 92/HT/596 (R5X4-tropic) seemed to be independent of CLEC-2 (Fig. 5C ). Thus, CLEC-2 on platelets interacts with HIV-1 in an isolate-dependent manner, possibly due to differential incorporation of cellular factors into the viral envelope, and promotes capture of infectious HIV-1 by these cells.
Since only a portion of the HIV-1 capture activity by platelets seemed to be CLEC-2 dependent, we asked whether other lectins contribute to the HIV-1 interaction with platelets. Preincubation with the mannose polymer mannan substantially reduced HIV-1 capture by platelets, while glucose or fucose had no effect (Fig. 6A) , suggesting that the HIV-1 interaction with these cells is to a large degree mediated by mannosespecific lectins. Therefore, we investigated whether the mannose-specific lectin DC-SIGN is expressed on platelets and promotes HIV-1 interaction with these cells. Immunostaining of tissue sections revealed that megakaryocytes (Fig. 7A and B) and some platelets (Fig. 7C and D) express DC-SIGN, and low levels of DC-SIGN were also detected on the surface of platelet preparations by flow cytometry (Fig. 7E) . When retention of HIV-1 NL4-3 by platelets and subsequent transfer to the permissive cell line CEMx174 R5 were analyzed, antibodies directed against DC-SIGN diminished HIV-1 capture by platelets by about 80%, and addition of antiserum directed against CLEC-2 further reduced HIV-1 capture close to background levels (Fig. 6B) , indicating that DC-SIGN and, to a lesser degree, CLEC-2 can be sufficient to mediate the HIV-1 interaction with platelets.
Finally, we asked whether the association of HIV-1 with platelets augments and/or conserves viral infectivity. Platelets failed to augment HIV-1 infection of cocultured target cells when virus, platelets, and target cells were mixed simulta- neously (Fig. 8, 0 h ). However, when virus was first incubated with platelets over 24 or 48 h and CEMx174 R5 target cells were added thereafter, moderate conservation of infectivity was observed (Fig. 8) . A combination of antibodies against DC-SIGN and CLEC-2 substantially diminished preservation of infectivity, suggesting that HIV-1 attachment to these factors is important for HIV-1 stabilization by platelets. Thus, 
DISCUSSION
Evidence that platelets retain an appreciable fraction of blood-borne HIV-1 has been reported previously (29) . The association of HIV-1 with platelets might facilitate viral spread via the bloodstream and might contribute to the development of thrombocytopenia, which frequently afflicts HIV-1/AIDS patients (49) . Despite its potentially important impact on HIV-1 pathogenesis, the interaction of HIV-1 with platelets has been characterized incompletely on the molecular level. We show that platelets can employ the lectins CLEC-2 and DC-SIGN to capture HIV-1 and that bound virus remains infectious for at least 2 to 3 days (Fig. 8 and data not shown) , a sufficient time frame to allow efficient platelet-mediated HIV-1 dissemination via the bloodstream.
DC-SIGN is a C-type (calcium-dependent) lectin that recognizes adequately spaced mannose and fucose groups displayed by endogenous and exogenous ligands, like the heavily glycosylated HIV-1 Env protein (21, 58) . DC-SIGN is expressed mainly by DCs in the anogenital mucosa and in lymphoid tissue (16, 18, 24) , albeit recent reports propose that DC-SIGN-positive cells in lymphoid tissue exhibit characteristics of macrophages (19, 27) . Moreover, DC-SIGN is found on certain types of tissue macrophages (51, 52) . Our results, confirmed by a recent study (6) , indicate that megakaryocytes and platelets also express DC-SIGN (Fig. 7) and that DC-SIGN is important for binding of platelets to HIV-1 ( Fig. 6 and 8 ). Whether platelets capture other pathogens known to bind to DC-SIGN remains to be determined. Since it has been suggested that hepatitis C virus, which is recognized by DC-SIGN (15, 32, 45) , attaches to platelets (47) , the molecular analysis of this interaction seems to be of particular interest.
Six cysteine residues in the ligand binding domain of CLEC-2 are conserved among known C-type lectin-like molecules (12) . However, CLEC-2 lacks the amino acid motif known to mediate calcium complexation and carbohydrate binding by C-type lectins (12) . Therefore, the structures recognized by CLEC-2 on the cellular surface and on HIV-1 particles await clarification. Our observation that CLEC-2 binds HIV-1 irrespective of the presence of the viral Env protein suggests that CLEC-2 mediates HIV-1 attachment to platelets by recognizing a cellular factor incorporated into the HIV-1 envelope upon viral budding from infected cells. This is not without precedence, since several cellular molecules are known to be incorporated into the viral envelope and to modulate HIV-1 infection by interacting with their cognate ligands on the surface of HIV-1-exposed cells (10, 57) . In this regard, it is important to note that comparable CLEC-2-dependent HIV-1 transmission was observed with virus produced in the kidney-derived cell line 293T, the T/B-cell hybrid CEMx174, or primary T cells (Fig. 5A and B) , indicating that the putative CLEC-2 ligand might be broadly expressed and that CLEC-2 on platelets can most likely capture HIV-1 generated in T cells of the peripheral blood of infected patients. Nevertheless, primary HIV-1 isolates exhibited differential CLEC-2 dependence for binding to platelets, suggesting that incorporation of the putative CLEC-2 ligand into the viral envelope might depend on the viral background. Indeed, it has been shown previously that HIV-1 strains grown in the same cell type incorporate host cell-derived HLA-DR with profoundly different efficiencies (9) . Thus, examination of CLEC-2 binding of a broad variety of primary HIV-1 isolates and laboratoryadapted viruses will be required to further address this question. Apart from efficient CLEC-2 expression on the surface of platelets and megakaryocytes, CLEC-2 protein was also detected in LSECs (Fig. 2H and I ). This cell type, which shares certain features with DCs, can efficiently take up soluble antigens from the bloodstream and can cross-present antigen to CD8 T cells, thereby inducing tolerance (30) . It is conceivable that CLEC-2 contributes to antigen uptake by LSECs. Additionally, CLEC-2 might promote HIV-1 infection of LSECs, which are permissive to HIV-1 (53) . It has been hypothesized that upon mucosal transmission HIV-1 could be taken up by DCs in a DC-SIGN-dependent manner (17) and/or could infect DCs (56) . DCs containing infectious HIV-1 could subsequently migrate into lymphoid tissue and transmit virus to adjacent T cells (17) . However, analysis of the DC-SIGN promoter revealed that certain polymorphisms modulate the risk for parenterally acquired HIV-1 infection, while an association between polymorphisms and risk for mucosal HIV-1 infection was not observed (33) . Therefore, DC-SIGN seems to impact HIV-1 spread mainly once the virus has reached the bloodstream, while passage of HIV-1 through the genital mucosa might be DC-SIGN independent. Such a model would be in agreement with efficient DC-SIGNdependent HIV-1 capture and subsequent dissemination of the virus by platelets, which are abundant in peripheral blood. HIV-1 capture by platelets in the blood of infected individuals could in part also be due to CLEC-2, and it remains to be determined whether the CLEC-2 gene is polymorphic and whether polymorphisms alter the risk of HIV-1 infection.
Platelets are anucleate cell fragments produced by megakaryocytes and play a pivotal role in thrombosis and hemostasis (41) . Reduced platelet counts are commonly found in the peripheral blood of HIV-1-infected individuals, and it is believed that several factors contribute to thrombocytopenia in HIV-1 infection (49). Thus, HIV-1 patients can generate antibodies that trigger platelet lysis (36) , and association of immune complexes with platelets can also promote platelet destruction (5). Moreover, megakaryocytes express CD4 and the HIV-1 coreceptors CXCR4 and CCR5 and are susceptible to HIV-1 infection (49), which might reduce platelet production. Attachment factor engagement might facilitate HIV-1 infection of megakaryocytes. However, our analysis of bone marrow sections revealed intracellular but no unequivocal surface expression of DC-SIGN on megakaryocytes, and it remains to be determined if DC-SIGN contributes to HIV-1 infection of these cells. In contrast, CLEC-2 was detected on the surface of megakaryocytes in bone marrow (Fig. 2G) as well as on megakaryocytic cell lines and contributed to HIV-1 capture by the latter cells (data not shown). Therefore, CLEC-2 might modulate infection of megakaryocytes in HIV-1 patients and might thereby contribute to thrombocytopenia.
HIV-1 capture by DCs involves internalization of virions into intracellular vesicles and subsequent trafficking of HIV-1 to contact areas between DCs and T cells, so-called infectious synapses (25, 34) . Infectious synapses are characterized by accumulation of virions on the DC side and concentration of CD4 and chemokine coreceptor on the T-cell side and thus provide a suitable microenvironment for efficient HIV-1 transfer (26) . Platelets can also take up HIV-1, and intact virus is found in endocytic vesicles located relatively close to the cellular membrane (6, 63) . It is thus conceivable that HIV-1-pulsed platelets, similarly to DCs, release virus upon contact with certain cell types and thereby allow HIV-1 transmission to susceptible cells. While DC-SIGN can endocytose antigens and promote HIV-1 uptake by platelets (6), endocytic HIV-1 uptake by CLEC-2 seems less likely. In fact, CLEC-2 is a novel type of signaling receptor which induces platelet activation in response to the snake toxin rhodocytin via a signaling pathway that involves Src kinases and leads to activation of Syk and phospholipase C ␥2 (54). Whether CLEC-2 signaling plays a role in the interaction with HIV-1 is currently unclear. However, our preliminary results indicate that deletion of cytoplasmic amino acid residues critical for CLEC-2 signaling does not interfere with HIV-1 transfer by cell lines (data not shown), suggesting that signaling might be dispensable for CLEC-2-dependent HIV-1 transmission.
In summary, CLEC-2 is a novel HIV-1 attachment factor which promotes virus capture by cell lines and platelets. The binding of HIV-1 to platelets is mediated by both CLEC-2 and DC-SIGN, and platelet-associated virus is infectious for a prolonged time, suggesting that platelets might promote HIV-1 spread in infected individuals.
